MICROBIOLOGICAL QUALITY OF READY-TO-EAT FOODS PRODUCED IN SLOVAKIA

Ľubomír
INTRODUCTION
Controlling and improving of the quality and safety of chilled foods at all stages of the cold chain have always been among the main concerns in order to reduce food losses and eliminate public health hazards. Changes in microbial and physico-chemical quality of foods may occur during their shelf-life that is linked to storage temperature, as well as to the composition and properties of a product. Meat and processed meat products are ideal media for the growth of spoilage and pathogenic bacteria therefore the quality and safety of meat could change significantly during the shelf-life. have been conducted aiming to evaluate the microbiological quality and safety of RTE foods prepared and served by catering business in many sectors of societyschools, hospitals, supermarkets, hotels, long term care facilities, canteens for workers, mass catering establishments, however, knowledge about the microbiological contamination of RTE foods in Slovakia is very limited, therefore the aim of the study was to evaluate the microbiological quality of selected ready-to-eat products. In our study we analyzed the microbiological quality of kebabs, gyros, hamburgers, cheeseburgers, hot -dogs and roasts by detection of coliform bacteria, sulfite-reducing clostridia, yeast, microscopic filamentous fungi and coagulase positive staphylococci.
The purpose of this study was to evaluate the microbiological quality of Ready-To-Eat (RTE) foods produced in Slovakia. A total amount of 144 samples of RTE food were tested during one-year period from January to December, 2014 and the microbiological quality of kebabs (n=30), gyros (n=10), hamburgers (n=54), cheeseburgers (n=5), hot-dogs (n=31), roasts (n=14) was analyzed. The samples were examined for the presence of: coliform bacteria, sulfite-reducing clostridia, yeast, microscopic filamentous fungi and coagulase positive staphylococci according to the ISO standards requirements. In kebab samples the counts of coliforms were from < 10 to 1.6x10³ cfu.g -1 and incompliance was found in 12/ 30 (40%) of samples. Maximum counts of coliforms and yeasts were exceeded in two and one sample of gyros and isolation range was from 10 to 1.5x10³ cfu.g -1 3.2x10² cfu.g -1 and from 10 to 1.4x10² cfu.g -1 . Also 2/5 (40%) of samples of cheeseburger yielded unsatisfactory coliform counts and the isolation rates were from less than 10 to 1.5x10³ cfu.g -
1
.
In hot-dogs, counts of coliforms, yeasts and coagulase positive staphylococci ranged from less than 10 to 1.4x10 3 , < 10 to 2.1x10³ cfu.g -1 and <10 to 1.4x10² cfu.g -1 and number of unsatisfactory samples were 3/31(10), 1/31(3) and 1/31 (3), respectively. In roast, the counts of coliforms, yeasts and microscopic filamentous fungi were from less than 10 to 2.1x10² cfu.g -1 , less than 10 to 1.4x10² cfu.g -1
and less than 10 to 3.2x10² cfu.g -1 , respectively and the safety criteria were not met for 1/14 (7) samples for each of the bacteria group mentioned. Overall, the microbiological criteria set for RTE foods in Slovak Republic were violated in 36/ 144 (25) of samples tested.
Results of the present study show that RTE foods might pose public health concerns in Slovakia and more attention on the hygienic practices should no paid.
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MATERIAL AND METHODS
Sampling
Samples were obtained from the nearby fast food establishments in the Nitra region -shops, supermarkets and catering enterprises. After sampling, samples were delivered to the Regional Institute of Public Health of Regional Public Health Authority in Nitra accredited laboratory for microbiological testing. A total amount of 144 samples of RTE food for the period of one year from January to December 2014 was investigated. The samples were kebabs (n=30), gyros (n=10), hamburgers (n=54), cheeseburgers (n=5), hot-dogs (n=31), roasts (n=14) were used in this study. The samples were examined for the presence of the following groups of microorganisms: coliform bacteria, sulfite-reducing clostridia, yeast, microscopic filamentous fungi and coagulase positive staphylococci.
Microbiological analysis
An amount of 5 g of ready-to-eat food was homogenized with 45 mL of sterile peptone saline solution for 1 min in order to obtain the initial dilution. For quantitative detection of microorganisms the ten-fold dilution from 10 -2 to 10 2 m = minumum number of microorganisms in the sample size "n", M = maximum number of microorganisms in the specified amount of sample, which allows the maximum number of samples "c"., c = the number of samples from "n" with values between "m" and "M" of the bacterial counts in other samples do not exceed "m"
RESULTS AND DISCUSSION
Homemade foods are taken as RTE for sale on the street or for the consumption, therefore, are one of the most susceptible to microbial growth in view of the longer length of time between preparation and consumption under improper temperature conditions, besides the unusual step of reheating the foods before consumption. In the case of streetmade foods, the raw materials are usually industrially processed and either prepared in advance or on demand. Environmental conditions faced by the street vendors are an important risk factor to the safety of the food sold. Nevertheless, no difference was found between the microbial counts of home-and street-made samples in In kebabs, the number of coliform bacteria were in the range from <10 to 1.6x10³ cfu.g -1 ( . Escherichia coli and sulphite reducing anaerobe counts were from <1.00 to 6.18 and 4 log cfu.g -1 , respectively. Coagulase positive staphylococci ranged from <1.00 to 3.48 log cfu.g -1 and micrococci from <1.00 to 6.00 log cfu.g -1 . Listeria spp. was found in three raw kebab samples. In cooked kebabs, the AMB values ranged from 1.78 to 6.30 log cfu.g -1 , Enterobacteriaceae from 1.00 to 4.00 log cfu.g -1 and micrococci from <1.00 to 5.30 log cfu.g -1 . Three samples were positive for Escherichia coli (from 1 to 1.30 log cfu.g -1 ) and one for sulphite reducing anaerobes (2.00 log cfu.g -1 ). Coagulase positive staphylococci were found in two samples with loads of 2.30 and 2.78 cfu.g -1 , respectively. Kebab is product, which is frequently to find to be contaminated and also the results of our study in 40% was non satisfactory and the microbiological quality of kebab should be monitored. In gyros samples the numbers of coliform bacteria was from less to 10 to 1. 5x10³ cfu.g -1 , but the numbers of yeasts was from less than 10 to 1.4x10² cfu.g -1 and of fungi from less than 10 to 1. 2x10 2 cfu.g -1 . Counts of yeasts and coagulase positive staphylococci did not exceed 10 cfu.g -1 (Table 3) . Table 3 Microbiological quality of gyros samples (n=10) In gyros samples, we found that two samples (2/10/20) did not meet the acceptable value for coliforms bacteria and one samples of gyros (1/10/10) did not corresponding of acceptable value of yeast. Number of unsatisfactory samples in case of gyros was higher than in case of kebab. The gyros usually is manufactured from the poultry meat and the poultry meat was found to be contaminated with high numbers of bacteria. Bacterial counts (aerobes, Salmonella spp., E. coli, C. jejuni, and C. coli) are higher on the breast area of broiler carcasses than on the thigh and drum areas. In addition, some microorganisms particularly Salmonella spp. attaches to the poultry skin and is difficult to remove (Kotula and Davis, 1999). A great risk may be occurred by these pathogens, when chicken skin is added to chicken doner kebabs. Thus, some manufactures recommend that the skin using in doner kebabs can be heated to increase chemical and microbiological quality of chicken doner kebabs. Doner kebab as well as gyros are a traditional products. If it is produced properly, there have no any microbiologically serious risk. In general, the microbiological quality of gyros could be improved through implementation of the hazard analysis critical control point (HACCP) concept for the chicken doner kebab and gyros because the incompliance in case of gyros we identified more frequently than in case of kebab. In cheeseburgers, sulfite-reducing clostridia and coagulase positive staphylococci were less than < 10 cfu.g -1 but the highest counts were detected for coliforms which were isolated from samples in up to 1.5x10³ cfu.g -1 high counts (Table 5) . Evaluating the microbiological quality of cheeseburgers, two samples (40%) were not accordance with the requirements of CA SR 2006. Cheesburgers and other sandwiches were found to be contaminated in previous studies and studies on the microbiological quality of sandwiches sold on the streets of São Paulo and Rio Grande do Sul showed high levels of contamination by fecal Coliforms (Lopes, 2005) . These results probably reflect the inappropriate conditions during the preparation of food -dirtiness of the water used for hand washing by the sandwich makers, insufficient hand washing, insufficiently-heated food, and unsuitable conditions of ingredients storage. Therefore, the likelihood of contamination by fecal coliforms in the sandwiches sold on Brazilian roadsides is similar to that which occurs in other countries in Latin America (Garinet al.,  2002) . Results of the present study show that the contamination of cheeseburger samples could be an actual problem for food retailed in Slovakia.
Microorganisms Results
No
In hot-dogs, the lowest isolation rates were obtained for coliform sulfite-reducing clostridia and microscopic filamentous fungi -less than 10 cfu.g -1 and less than 10 to 2.4x10² cfu.g -1 , respectively. The highest counts were obtained for coliform bacteria, yeasts and coagulase positive staphylococci (Table 6) . Among the hot-dog samples three (3/ 31/ 10) shared the counts of coliform bacteria which were not in accordance with the limit set by CA SR 2006 and the testing results ranged from less than 10 to 1.4x10³ cfu.g -1 . Yeasts counts ranged from less tan 10 to 2.1.10³ cfu.g -1 and one sample (1/ 31/ 3)had unsatisfactory results. Coagulase positive staphylococci values were from less than 10 to 1.4x10² cfu.g -1 and one sample had unsatisfactory results. Hot-dogs are frequently are found to be contaminated with coliforms and staphylococci and this corresponds to our results (Kothe et al., 2016) . In Kothe et al., 2016) study, 75% of the hot-dogs were contaminated with total coliforms, 30% of them presented fecal coliforms while 25% coagulase-positive staphylococci levels above the maximum limit permitted by Brazilian regulations. Reason for this could ne not adequate hygienic and sanitary conditions of hot-dog vendors in Southern Brazil and this results were based on questionnaire completed for evaluation of sanitary conditions of vendors. Unconformities related to storage of defrosted sausages at environmental temperature or inadequate cooling, absence of thermometer in vendors, usage of non-potable water were described. The lack of cross contamination preventive measures, lack of time and temperature controls and the use of ingredients with unknown origins were also the important factors which could influence the microbiological safety of hot-dogs in Southern Brazil (Kothe et al., 2016) . In roasts, counts of sulfite-reducing clostridia and coagulase positive staphylococci were less than 10 cfu.g -1 , but coliforms, yeasts and microscopic filamentous fungi ranged from less than 10 to 2.1x10² cfu.g -1 , less than 10 to 3.6.x10³ cfu.g -1 and less than 10 to 3.2x10² cfu.g -1, respectively (Table 7) . Table 7 Microbiological quality of in roasts (n=14) Regarding conformity with microbiological quality criteria, in roasts in one sample 1/ 14 (7) the counts of coliforms did not meet the critera were set. The counts of yearsts and of microscopic filamentous fungi were unsatisfactory in 1/14 (7) and 1/14 (7) of samples, respectively. The safety of foods is affected by several common factors including the quality of the raw materials, food handling and storage practices. In RTE street vendors the hygiene is mostly affected, that could led to contamination of foods. In most cases, running water is not continuously supplied for hand and dishwashing, cooking or drinking, leading the street vendors to store water under vulnerable conditions subject to contamination. Street foods are exposed to aggravating environmental conditions, such as the presence of insects, rodents, other animals and air pollution studies (Lucca and Torres, 2002; Sobel et al., 1998). Furthermore, most food vendors ignore good food handling practices, exposing foods to dangerous conditions such as cross-contamination, unsafe storage and poor time-temperature conditions (Ekanem, 1998). The presence of fecal coliforms (30%) in the samples in the previous study indicates a high risk that other pathogenic organisms have also contaminated the food. E. coli was present in 22.5% of the samples, probably from raw vegetables and due to the lack of good hygienic practices. and 70% of tuna and 40% of chicken sandwiches were unsuitable according to the sanitary standards for fecal coliforms in study completed in the northen region of Brazil (Damsceno and Cardonha, 1999). In general, the microbiological criteria set for RTE foods in Slovak Republic were violated in 36/ 144 (25). Mostly, unconformity with the microbiological criteria were observed for kebabs and cheeseburgers -40% for each, respectively. The lowest amount of unsatisfactory samples were observed among the hot-dogs were tested -9.67%. Distribution of unsatisfactory samples of RTE food products produced in Slovak Republic is shown in Figure 1 . The results of the present study show that unconformity with the microbiological criteria was faced in 25% of all samples tested, therefore RTE foods produced in Slovakia should considered to pose a possible risk to consumers. The efficient use of HACCP can improved the microbiological safety and quality of these products (Vazgecer et al., 2004 ).
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CONCLUSION
Finally, we hope that the systematic microbiological testing of the RTE foods as conducted at the present study could help to assess a risk which poses each RTE product and to define better the control measures needed in order to prevent foodborne infections related to the consumption of RTE foods. This research shows that eating of RTE foods might pose public health concerns even though as there have not been any report of outbreaks related to consumption of RTE foods in Slovakia. However, to ensure the safety and health of their customers, fast-food restaurants should inculcate good hygienic practices and habits in their staff and food processing. The critical control points to preventing food borne illness such as preventing cross -contamination from the raw products to RTE foods, using adequate time and temperatures for cooking, avoiding recontamination after cooking, by surfaces previously contaminated with the raw meat, and properly chilling and storing meat after mincing should be emphasized. Food handlers should also be trained on hygienic food handling practices and safety. establishments: is it still appropriate to ensure a high level of microbiological quality and safety? 
